In patients with AIDS, cerebral infection due to cytomegalovirus (CMV) results in two distinct neuropathological patterns: microglial nodular encephalitis (MGNE) and ventriculoencephalitis (VE). In order to identify clinical features to facilitate the differential diagnosis of these two forms of CMV encephalopathy in living patients, we retrospectively reviewed the clinical records of 18 patients with MGNE or VE diagnosed at autopsy. We identified the following clinical features as distinguishing the two encephalopathies: (1) MGNE manifests earlier than VE; (2) the onset of MGNE is acute, whereas the onset of VE is insidious; (3) the onset of MGNE is marked by confusion and delirium, which do not occur in VE; (4) VE is frequently associated with radiculopathy, which is absent in MGNE; and (5) VE is associated with more marked alterations in cerebrospinal fluid (high protein levels and pleocytosis). The early neurological manifestations of MGNE should prompt a search for systemic CMV infection, which may lead to earlier treatment.
Brain infection caused by cytomegalovirus (CMV) occurs
went neurological examination by a specialist were considered primarily in newborns as a result of congenital infection, as well for review. The autopsy findings of those selected included as in immunocompromised adults, particularly organ transplant histologic evidence of MGNE or VE, according to established recipients and patients with AIDS [1, 2] . The morphological criteria [5] . Exclusion criteria were (1) presence of HIV encorrelate of congenital CMV infection is ventriculoencephalitis cephalopathy, opportunistic CNS infection, or cerebral neo-(VE), while in organ transplant recipients CMV infection replasm; (2) history of neurological or psychiatric illness; (3) sults in the pathological pattern known as microglial nodular therapy with drugs able to alter the mental state; and (4) eviencephalitis (MGNE) [3] .
dence of severe metabolic disorder, as revealed by extensive Two routes of dissemination of CMV infection to the nerblood and urine tests. vous system are known [3] : via the CSF (through ependymal cells) and via the blood (through endothelial cells). In AIDS patients, both modes of CMV dissemination to the brain are encountered. Hematic dissemination results in MGNE with Histopathologic Examination pathological characteristics closely resembling those seen in recipients of organ transplants; dissemination in the CSF results Brain tissues were fixed in 10% buffered formalin and emin VE.
bedded in paraffin. Sections from the frontal, parietal, and temAlthough the clinical characteristics of VE are known [4] , poral cortex, basal ganglia, cerebellum, and spinal cord and those of MGNE have not been defined. Furthermore, differenfrom each macroscopic lesion were stained with hematoxylin tial-diagnosis studies are lacking, so MGNE and VE are curand eosin for histologic examination. Other stains, including rently distinguishable only at autopsy. We reviewed the clinical periodic acid -Schiff, Ziehl-Neelsen, and Giemsa preparations, records of 18 AIDS patients with MGNE or VE diagnosed at were used as required. autopsy in order to identify clinical features with which they
Immunohistochemistry was performed on 3-mm CNS secmight be distinguished in living patients.
tions previously dewaxed in xylene and rehydrated in graded ethanol. Slides for immunohistochemical detection of CMV Patients and Methods and HIV were pretreated with type XIV protease (0.5 mg/mL) and microwave heating (2 1 5 minutes at 780 w The characteristics of the two groups of patients are shown the patients with use of a standardized procedure [7] that asin table 1. MGNE patients were younger than VE patients but sessed the cognitive state (spatial and temporal orientation, not significantly so. Male drug users formed the majority of memory, ideation); cranial nerves; pyramidal system (overall each group. At the onset of neurological symptoms, absolute muscle strength, stretch reflexes, plantar reflex); extrapyramidal CD4 lymphocyte counts were very low in both groups, with system (rigidity, tremor(s), alternating finger and hand moveno significant difference between them. According to the CDC ments, postural reflexes); cerebellum (nystagmus, coordination, criteria [6], most patients with MGNE were at the pre-AIDS intentional tremor, ataxia); sensory aspects (pain sensitivity, stage when they developed neurological symptoms. graphesthesia); peripheral aspects (segmental muscle strength, By contrast, the majority of VE patients had full-blown radicular distribution of sensitivity, reflexes); and frontal re-AIDS and had CMV-related extraneurological signs and symplease signs (snout reflexes, palmomental reflex, grasp reflex).
toms before manifesting cerebral CMV. Each parameter was assigned a score of 0 (normal) or 1 (pathological).
Extraneurological CMV Infection
Cerebral CT was routinely performed with and without conAll patients tested positive for the CMV pp65 antigen in trast. In some cases T 1 and T 2 -weighted MR images were obblood during their neurological illness. Twelve patients had tained. The following were assessed on examination of CSF: cell count, glucose level, and protein concentration. In some the lesion. The cervical region of the spinal cord was examined marked the neurological onset. Four VE patients with cerebral CMV infection had no CNS symptoms; they were referred for neurological examination following the development of lowerings in three cauda equina cases and negative findings in a case limb paresthesia.
of cauda equina syndrome and L5 radiculopathy. 3) . By contrast, lumbosacral radiculopathy was observed in six 8.22 mg/dL). Cells were absent in all MGNE and two VE VE patients only; it manifested as cauda equina syndrome in patients; in the other two VE patients WBC counts were four and L5 radiculopathy in two. The spinal cord was exam-50/mL and 10/mL (in both cases, 60% lymphocytes and 40% ined histologically in five of these cases, yielding positive findpolymorphonuclear cells). PCR for CMV was performed in 1 MGNE and 1 VE patient (results were positive for the former and negative for the latter). The acute confusion with delirium, restlessness, and agitaNone 0 4
tion that developed in all MGNE patients at neurological onset regressed in a few days, either spontaneously (4 of 7) or follow-NOTE. MGNE Å microglial nodular encephalitis; VE Å ventriculoencephalitis.
ing administration of sedatives (3 of 7) . However, in all cases there were residual cognitive alterations (one or more of the in two MGNE patients, whose symptoms were ''paranoia, hostility, delusions, and agitation.'' following: cognitive slowing, memory deficit, or disorientation). Three MGNE patients underwent repeated neurological
In the large series of MGNE patients described by Holland et al. [9] , delirium was a recurrent disturbance, but -unlike in examinations 3.25 months (SD, 1.89 months) before death, but the signs of encephalopathy had not worsened. A second our series -it was noted in the late stages of the illness rather than at onset. neurological examination was also performed on four VE patients 12.25 months (SD, 6.24 months) before death, and their Neurological examination revealed no other characteristics for distinguishing MGNE from VE: pyramidal, extrapyramidal, course was relatively stable.
Fifteen patients received therapy for CMV infection during cerebellar, and sensory functions were equally compromised in the two groups. their neurological illness, mainly to control the extraneurological symptoms of the infection. Nine patients (1 with MGNE, Concomitant peripheral nerve syndromes. Two CMV-related peripheral nerve syndromes are recognized in patients 8 with VE) began treatment before neurological onset, and the remaining 6 (4 with MGNE, 2 with VE) began treatment after with AIDS: multifocal neuropathy [15] and radiculopathy, including subacute ascending lumbosacral polyradiculomyelopaneurological onset. Seven patients (4 with MGNE, 2 with VE) were receiving therapy with zidovudine at neurological onset, thy (PRAM), also known as cauda equina syndrome [12] . In the former syndrome, CMV is present in peripheral nerves which continued at a dosage of 507.14 mg/d (SD, 271.46 mg/d) for an average of 13 weeks (SD, 8.96 weeks), but in no [15] ; in the latter, there is a direct root and spinal cord involvement [10, 12] . case was neurological improvement noted.
The mean time between neurological onset and death was Our finding was that both forms of CMV encephalitis could be associated with peripheral neuropathy, but only VE was 4.71 months (SD, 3.25 months) for MGNE patients and 6.72 months (SD, 5.70 months) for VE patients. In all cases, death associated with radiculopathy; furthermore, VE was generally associated with PRAM. This agrees with the findings of several occurred following the development of nonneurological complications related to immunodeficiency. previous studies: Kalayjian et al. [4] reported a high incidence of CMV radiculitis in their population of VE patients, and several others have noted an association between VE and Discussion PRAM [10, 13, 16 -18] .
In this context we note the speculation of Eidelberg et al. [10] The cases in this study were selected on the basis of the autopsy finding of MGNE or VE due to CMV, in the context of that radiculopathy probably arises because infected ependymal cells become detached and travel in the CSF to eventually HIV positivity. In life, all underwent neurological examination following the onset of neurological symptoms. Patients with implant caudally. This suggestion, later taken up by Mahieux et al. [17] , would explain the clinical finding of radiculopathy any other cerebral pathology revealed at autopsy; psychiatric, metabolic, or other neurological conditions; or receiving psyand the histologic finding of spinal cord involvement in some VE cases: those in which CMV disseminated ependymally. It chotropic drugs were excluded. It is therefore reasonable to conclude that the neurological symptoms and signs in these is not clear, however, why histologic involvement of the spinal cord was demonstrated only in some VE patients with clinical patients were due to CMV encephalitis only. Comparison of the two groups revealed several important elements concerning radiculopathy and why only some VE patients with histologic myelopathy presented with radiculopathy while alive. It is plauthe differential diagnosis of MGNE and VE in living patients with HIV-related CMV infection. sible, as indicated in a previous report [19] , that patients with symptomatic lumbosacral roots but a histologically uninvolved Onset. Neurological signs of CMV infection are usually late complications of HIV infection and present in association cervical spinal cord may have had lower spinal cord involvement, but this was not assessed at autopsy. with extraneurological signs of CMV infection [3, 5, 9 -13] .
Our study confirms this but shows that MGNE is characterized CSF abnormalities. VE was associated with frequent CSF pleocytosis -which was absent in MGNE cases -and with clinically by a slightly earlier neurological onset than in less severely immunosuppressed patients. Neurological signs of higher CSF protein levels (171.5 mg/dL [SD, 139 mg/dL] vs. 60.50 mg/dL [SD, 11.2 mg/dL]). These differences are again MGNE usually appeared before the onset of other AIDS-defining illnesses and even before extraneurological CMV infection probably related to the differing propagation modes of cerebral CMV infection in the two pathologies. CMV DNA was assayed had become evident. By contrast, neurological signs of VE usually developed after other AIDS-defining illnesses and exfor in only two patients, because when most cases were followed (1990 -1996) , PCR was not yet in routine use. traneurological CMV infection occurred.
Clinical presentation. In the patients shown to have The lack of systematic follow-up for these patients is due to the nature of the study; performed retrospectively, its aim MGNE, neurological onset was acute and characterized by confusion with delirium and, in three cases, hallucinations; in was to determine whether the clinical characteristics of the two autopsy-defined groups differed. Perhaps a prospective study patients shown to have VE, however, neurological onset was insidious. Britton et al. [14] 
